(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCD 



09) World Intellectual Properly 
Organization 
International Bureau 

(43) International Publication Date 
12 August 2004 (12.08.2004) 




PCT 



(10) International Publication Number 

WO 2004/067%! A3 



(51) International Patent Classification 7 



E21B 43/10 



(21) International Application Number: 

PCI7US2004/D02122 

(22) International Fifing Date: 26 January 2004 (26.01.2004) 

(25) Filing language: English 

(26) Publication Language: English 



27 January 2003 (27.01 .2003) US 



(30) Priority Data: 

60/442,938 

(71 ) Applicant (for all designated States except US): EN VEN- 
TURE GLOBAL TECHN01X>GY |US/US|; 16200 A. 
Park Row, Houston, TX 77084 (US). 

» (72) Inventors; and 

I (75) Inventors/Applicants (for US only): SHUSTER, Mark 

• IUSAJS]; 191 15 Prospect Ridge Lane, Houston, TX 77094 

! (US). WADDELL, Kevin, K, |US/US|; 1 1007 Sprucedale 

s Court, Houston, TX 77070 (US). KENDZIORA, Larry 

\ IUSAJS]; 6518 Williams School Court, Needvillc, TX 

: 77461 (US). COSTA, Scotl [USAJSI; 20 11 Willow Point, 

5 Kingwood, TX 77330 (US). 



(74) Agent: MATT1NGLY, Todd; Haynes and Boone. LLP., 
901 Main Street, Suite 3 100, Dallas, TX 75202 (US). 

(81) Designated States (unless otherwise uuiL:ated. for every 
kind of national protection available): AE, AO, AL, AM, 
AT, AU, A'Z, BA, BB, BG, BR, BW, BY, BZ. CA, CI I, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES. HI. 
GB. GD, GE, GH, GM. HR, HI), ID. 1L. IN, IS, JR KE, 
KG, KP, KR. KZ. LC, LK, LR, LS, LT, LU. LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, Nl, NO. NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, Sli, SG, SK, SU SY, TJ, TM, 
TN. TR. TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated Stales (unless otherwise indicated, for every 
kind of regional protection available): AR1PO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, I5S, Fl, FR, 
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SB, SI, SK, 
TR), OAP1 (BF, BJ, CF, CG. CL CM, GA, GN, GQ, GW, 
ML, MR, NE, SN,TD,TG). 

Declaration under Rule 4.17: 

— of inventorship (Rule 4.1 7(iv)) for US only 

I Continued on next page J 



^ (54) Title: LUBRICATION SYSTEM FOR RADIALLY EXPANDING TUBULAR MEMBERS 



to 



10 



< 



ON 



O 





(57) Abstract A lubrication system for lubricating an interface (22> between one or more expansion .•^^^"^Sj 
device (12) and one or more interior surfaces (16a) of a tubular member (16) during a radtal expansion of the tubular member (16) 
using the expansion device (12). 



WO 2004/067961 A3 IIUillllllllllllBllDllilinniil 



Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims ami to he republished in the event of receipt of 
amendments 



For two-letter codes and otlier abbreviations, refer to die "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of die l*<*T Gazette. 



(88) Dale of publication of the international search report: 

14 April 2005 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US04/02122 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) : E2 IB 43/10 

US CL 166/380.384.207,242 1 

According, to International Patent Classification (IPC) or to both national cl assification and IPC 



B FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 166/380.384,207.242.1 



Documentation searched other than minimum docujnemalion to the extent that such documents are included in the fields searched 
none 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Continuation Sheet 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X,P 



XP 



US 6,557.640 Bl (COOK ct al) 06 May 2003 (06/05/2003), see entire document. 



US 6,568.471 Bl (COOK et al) 27 May 2003 (27/05/2003), see entire document. 



1-3,6-9.12-15.18- 
37,65.66,68.70- 
72.125-128.138,141- 
145 and 147*151 

21-23,43-45,65 and 66 



| | Further documents are listed in the continuation of Box C. Q See patent family annex. 



• Special categories of died documents: 

-A* document defining the general stale of the art which b not considered to 
be of particular relevance 

"E* earlier application or patent published on or after the international filing 
date 

■l." document which may throw doubts on priority cUkn<i) or which is cited 
to establish the public* in dale of another citation or enher specif reason 
(as specified) 



T" later document published after the international Rlhig date or 

priority date and nut in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the clamed invention cannot be 

considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

•V document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step «fcen the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the an 



-o 

.p. 



C document referring to an oral disclosure, use. exhibition or other n 



document member of the same patent family 



document published prior to the international filing date bm later than the 
r dale 



Dale of the actual cornplcuon of the international search 
19 August 2004 (19.08.2004) 



Name and mailing address of the ISA/US 
Mail Stop PCT. Attn: ISA/US 
Cotnmtukner for Patents 
P.O. Box 1450 

Alexjockia, V^irginsn 22313-1450 
Facsimile No. (703)305-3230 



Date of mailing 

24 

Authorized officer 



of the international i 

i FEB 20(15 



search report 



William P Neudcr \l 4 U & 
TelephoneNo. 703-308-2168 



Form PCJ71SA/210 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US04/02I22 



Continuation of B. FIELDS SEARCHED Item 3: 
EAST 



Form PCT/ISA/210 (extra sheet) (January 2004) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCD 



(19) World Intellectual Property 
Organization 
International Bureau 




IIHilBRnililBlilllllllllllDlllllllltnitll 



(43) International Publication Dale (10) International Publication Number 

12 August 2004 (12.08.2004) PCT WO 2004/067961 A3 



(51) International Patent Classification 7 : E21B 43/ W (81) Designated Slates (unless otherwise indicated, for every 

kind of national protection available)'. AE, AO, AL, AM, 
AT, AU, AZ, BA, BB, BG. BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC. En, EG. ES, El, 
GB, GD, GE, GH, GM, HR, HU, ID, IL. IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, I.R, 1~S, IT, LU, LV, MA, MD. 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH. PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY 5 TJ, TM, 
TN, TR, TT, TZ, UA, UG, 1 JS, 117, VC, VN, YU, ZA, ZM. 

zw. 



(21) International Application Number: 

PCT/US2004/002122 

(22) InternaUonal Filing Dale: 26 January 2004 (26.01 .2004) 

(25) filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/442,938 



27 January 2003 (27.01.2003) US 



(71 ) Applicant (for all designated States except US): EN VEN- 
TURE GLOBAL TECHNOLOGY |US/US1; 16200 A 
Park Row, Houston, TX 77084 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SHUSTER, Mark 
IUS/USJ; 191 15 Prospect Ridge Lane, Houston, TX 77094 
(US). WADDELI^ Kevin, K. [US/US]; 1 1007 Sprucedale 
Court, Houston, TX 77070 (US). KENDZiORA, Larry 
[US/USJ; 6518 Williams School Court, Needvillc, TX 
77461 (US). COSTA, Scott [US/USJ; 2011 Willow Point, 
Kingwood, TX 77330 (US). 

(74) Agent: MA'ITINGLY, Todd: Haynes and Boone, L.L.P., 
901 Main Street, Suite 3100, Dallas, TX 75202 (US). 



(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available)! AR1PO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM ), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, 
GB, GR, HU, IE, IT, LU, MC\ NL, PT, RO, SE, SI, SK, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
Ml., MR, NE,SN, TD.TG). 

Declaration under Rule 4.17: 

— of inventorship ( Rule 4. I 7(iv)) for US only 

Published: 

— with international search report 

— with amended claims 

(88) Date of publication of the international search report: 

14 April 2005 

I Continued on next page) 



(54) Title: LUBRICATION SYSTEM FOR RADIALLY EXPANDING TUBULAR MEMBERS 



< 



On 



O 



18- 





(57) Abstract: A lubrication system for 
lubricating an interface (22) between one 
or more expansion surfaces (12 a) of an ex- 
pansion device (12) and one or more in- 
terior surfaces ( 1 6a) of a tubular member 
(16) during a radial expansion of the tubu- 
lar member (16) using the expansion de- 
vice (12). 



WO 2004/067961 A3 IliBIIHIIlIlilllllilinilffllililllll 



Date of publication of the amended claims: 2 June 2005 

For two-letter codes atul otlier abbreviations, refer to the "Guid- 
arure Notes on Codes and Abbreviations " appearing at the begin- 
ning of eoi h regular issue of tlie PCT Gazette. 



WO 2004/067961 



PCT/US2004/O02122 



AMENDED CLAIMS 

[Received by the International Bureau on 22 April 2005 (22.04.05); 
original claims 1-152 replaced by amended claims 1-170] 

1 . An expansion cone for radially expanding multiple tubular members 
comprising: 

a body having an annular outer peripheral surface; 
at least a portion of the surface being textured with friction reducing 
reliefs recessed into the surface. 

2. The expansion cone as defined in claim 1 wherein the surface is a knurled 
surface. 

3. The expansion cone as defined in claim 1 wherein the surface is a laser 
dimpled surface. 

4. The expansion cone as defined in claim 1 wherein the surface is a pitted and 
sprayed surface. 

5. The expansion cone as defined in claim 4 wherein the body includes the 
pitted surface formed of a first material, the pitted surface being sprayed with 
a second friction reducing material and the sprayed surface being partially 
removed sufficient to expose some of the first and second materials. 

6. The expansion cone as defined in claim 1 wherein the surface is an etched 
surface. 

7. A method for radially expanding a tubular member comprising; 

provfding a tubular member having an inside diameter; 

providing an expansion cone having an annular outer peripheral 
surface including a diameter greater than the inside diameter of the tubular 
member; 

texturing the outer peripheral surface with friction reducing reliefs 
recessed into the surface; and 

moving the expansion cone axially through the tubular member for 
radially expanding and plastically deforming the tubular member. 

8. The method as defined in claim 7 wherein the surface is a knurled surface. 

9. The method as defined in claim 7 wherein the surface is a laser dimpled 
surface. 
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1 0. The method as defined in claim 7 wherein the surface is a pitted and sprayed 
surface. 

1 1 . The method as defined in claim 7 further comprising: 

pitting the outer peripheral surface; 
spraying the surface; and 

grinding the surface to expose both an original portion of the surface 
and a sprayed portion of the surface. 

12. The method as defined in claim 7 wherein the surface is an etched surface. 

13. A reduced friction radial expansion apparatus comprising: 

a plurality of tubular members having an axial passage formed 
therethrough including an inside diameter; 

an expansion cone having an annular outer peripheral surface 
including an outside diameter greater than the inside diameter of the axial 
passage; and 

at least a portion of the outer peripheral surface being textured with 
friction reducing reliefs recessed into the surface. 

14. The apparatus as defined in claim 1 3 wherein the surface is a knurled 
surface. 

1 5. The apparatus as defined in claim 1 3 wherein the surface is a laser dimpled 
surface. 

16. The apparatus as defined in claim 13 wherein the surface is a pitted and 
sprayed surface. 

17. The apparatus as defined in claim 13 wherein the cone includes a pitted 
surface formed of a first material, the pitted surface being sprayed with a 
second friction reducing material and the sprayed surface being partially 
removed sufficient to expose some of the first and second materials. 

18. The apparatus as defined in claim 13 wherein the surface is an etched 
surface. 

1 g. The apparatus as defined in claim 1 3 wherein a low friction material is 
deposited in the reliefs. 

20. The apparatus as defined in claim 1 3 wherein the outer peripheral surface 
includes a flush surface Including a combination of portions of material of the 
expansion cone and portions of a low friction material deposited in the reliefs. 
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21 . An apparatus for radially expanding and plastically deforming a tubular 
member, comprising: 

a support member; 

an expansion device coupled to an end of the support member comprising 
one or more expansion surfaces for engaging the tubular member 
during the radial expansion and plastic deformation of the tubular 
member; and 

a lubrication system for lubricating an interface between one or more of the 
expansion surfaces of the expansion device and one or more interior 
surfaces of the tubular member. 

22. The apparatus of claim 21 , wherein the lubrication system comprises: 
a supply of a lubricant; and 

an injector for Injecting the lubricant into the interface. 

23. The apparatus of claim 22, wherein the supply of lubricant is provided within 
the expansion device. 

24. The apparatus of claim 21 , wherein one or more of the expansion surfaces 
define one or more recesses; and wherein one or more of the recesses are 
coupled to the injector. 

25. The apparatus of claim 21 , wherein the lubrication system comprises: 
a lubricating film coupled to one or more of the expansion surfaces, 

26. The apparatus of daim 25, wherein one or more of the expansion surfaces 
define one or more recesses; and wherein at least a portion of the lubricating 
film is deposited within one or more of the recesses. 

27. The apparatus of claim 21 , wherein one or more of the expansion surfaces of 
the expansion device define one or more recesses. 

28. The apparatus of claim 27, wherein at least some of the recesses are identical 
to one another. 

29. The apparatus of claim 27, wherein at least some of the recesses are equally 
spaced from one another. 

30. The apparatus of claim 27, wherein a depth dimension of the recesses are 
non-uniform. 

31 . The apparatus of daim 27, wherein at least some of the recesses intersect. 

32. The apparatus of claim 27. wherein the location of at least some of the 
recesses is randomly distributed. 
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33. The apparatus of claim 27, wherein the geometry of at least some of the 
recesses is randomly distributed. 

34. The apparatus of claim 27 » wherein a surface texture of at least some of the 
recesses is randomly distributed. 

35. The apparatus of claim 27, wherein the geometry of at least some of the 
recesses is linear. 

36. The apparatus of claim 27, wherein the geometry of at least some of the 
recesses is non-linear. 

37. The apparatus of olaim 27, wherein the interface comprises a leading edge 
portion and a trailing edge portion; and wherein the lubrication system 
provides a higher lubrication concentration in at least one of the leading and 
trailing edge portions. 

38. The apparatus of claim 21 , wherein one or more of the expansion surfaces of 
the expansion device define one or more recesses; and wherein the 
apparatus further comprises one or more lubricating ball bearings supported 
within at least one of the recesses. 

39. The apparatus of claim 21 , wherein a lubrication concentration provided by 
the lubrication system is varied as a function of a rate of strain of the tubular 
member during an operation of the apparatus. 

40. The apparatus of claim 39, wherein the function comprises a linear function. 

41 . The apparatus of claim 39, wherein the function comprises a non-linear 
function. 

42. The apparatus of claim 39, wherein the function comprises a step function. 

43. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; and 

lubricating an Interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member. 

44. The method of claim 43, further comprising: 
injecting a supply of lubricant Into the interface. 

45. The method of claim 44, wherein the supply of lubricant is provided within the 
expansion device. 
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46. The method of claim 43, wherein one or more of the expansion surfaces 
define one or more recesses; and wherein the method further comprises 
injecting the supply of lubricant into one or more of the recesses, 

47. The method of daim 43, further comprising: 

coupling a lubricating film to one or more of the expansion surfaces. 

48. The method of claim 47, wherein one or more of the expansion surfaces 
define one or more recesses; and wherein at least a portion of the lubricating 
film is coupled to one or more of the recesses. 

49. The method of claim 43, wherein one or more of the expansion surfaces of 
the expansion device define one or more recesses. 

50. The method of claim 49, wherein at least some of the recesses are identical to 
one another. 

51 . The method of claim 49, wherein at least some of the recesses are equally 
spaced from one another. 

52. The method of claim 49. wherein a depth dimension of the recesses are non- 
uniform. 

53. The method of dalm 49, wherein at least some of the recesses intersect. 

54. The method of claim 49, wherein the location of at least some of the recesses 
is randomly distributed. 

55. The method of dalm 49, wherein the geometry of at least some of the 
recesses is randomly distributed. 

56. The method of claim 49, wherein a surface texture of at least some of the 
recesses is randomly distributed. 

57. The method of daim 49, wherein the geometry of at least some of the 
recesses is linear. 

58. The method of claim 49, wherein the geometry of at least some of the 
recesses is non-linear. 

59. The method of daim 49, wherein the interface comprises a leading edge 
portion and a trailing edge portion; and wherein the method further comprises 
providing a higher lubrication concentration in at least one of the leading and 
trailing edge portions. 

60. The method of daim 43, wherein one or more of the expansion surfaces of 
the expansion device define one or more recesses; and wherein the method 
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further comprises forming one or more lubricating ball bearings within at least 
one of the recesses. 

61. The method of claim 43, further comprising varying a lubrication concentration 
as a function of a rate of strain of the tubular member during the radial 
expansion and plastic deformation of the tubular member. 

62. The method of claim 61 , wherein the function comprises a linear function. 

63. The method of claim 61 , wherein the function comprises a non-linear function. 

64. The method of claim 61 , wherein the function comprises a step function. 

65. A system for lubricating an interface between an expansion device and a 
tubular member during a radial expansion of the tubular member by the 
expansion device, comprising: 

means for supplying a quantity of a lubricant material; and 

means for injecting at least a portion of the lubricant material into the 

interface. 

66. The system of claim 65, further comprising: 

means for varying the concentration of the lubricant material within the 
interface, 

67. A method of operating a system for lubricating an interface between an 
expansion device and a tubular member during a radial expansion of the 
tubular member by the expansion device, comprising: 

determining a rate of strain of the tubular member during an operation of the 

expansion device; and 
varying a concentration of a lubricant material within the interface during the 

operation of the expansion device as a function of the determined rate 

of strain. 

68. A method of operating a system for lubricating an interface between an 
expansion device and a tubular member during a radial expansion of the 
tubular member by the expansion device, comprising: 

determining one or more characteristics of the interface during an operation of 

the expansion device; and 
varying a concentration of a lubricant material within the interface during the 

operation of the expansion device as a function of one or more of the 

determined characteristics. 
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69. A system for lubricating an interface between an expansion device and a 
tubular member during a radial expansion of the tubular member by the 
expansion device, comprising: 

means for determining a rate of strain of the tubular member during an 

operation of the expansion device; and 
means for varying a concentration of a lubricant material within the interface 

during the operation of the expansion device as a function of the 

determined rate of strain. 

70. A system for lubricating an interface between an expansion device and a 
tubular member during a radial expansion of the tubular member by the 
expansion device, comprising: 

means for determining one or more characteristics of the interface during an 

operation of the expansion device; and 
means for varying a concentration of a lubricant material within the interface 

during the operation of the expansion device as a function of one or 

more of the determined characteristics. 

71 . A method of operating a system for lubricating an interface between an 
expansion device and a tubular member during a radial expansion of the 
tubular member by the expansion device, comprising: 

determining one or more characteristics of the operation of the expansion 
device; and 

varying a concentration of a lubricant material within the interface during the 
operation of the expansion device as a function of one or more of the 
determined characteristics. 

72. A system for lubricating an interface between an expansion device and a 
tubular member during a radial expansion of the tubular member by the 
expansion device, comprising: 

means for determining one or more characteristics of the operation of the 

expansion device; and 
means for varying a concentration of a lubricant material within the interface 

during the operation of the expansion device as a function of one or 

more of the determined characteristics. 

73. An apparatus for radially expanding and plastically deforming a tubular 
member, comprising: 
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a support member; 

an expansion device coupled to an end of the support member comprising 
one or more expansion surfaces for engaging the tubular member 
during the radial expansion and plastic deformation of the tubular 
member, wherein at least a portion of at least one of the expansion 
surfaces define one or more recesses; and 

a lubrication system for lubricating an interface between one or more of the 
expansion surfaces of the expansion device and one or more interior 
surfaces of the tubular member comprising: 
a lubricating film coupled to at least one of the recesses of the 

expansion surfaces of the expansion device; 
a supply of lubricant, and 

an injector coupled to the supply of lubricant and at least one of the 
recesses of the expansion surfaces for injecting the supply of 
lubricant into at least one of the recesses. 

74. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 

expansion device comprising one or more expansion surfaces, wherein 
one or more of the expansion surfaces define one or more recesses; 
and 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member by: 

coating at least one of the recesses with a lubricating film; and 
Injecting a lubricant material into at least one of the recesses. 

75. A tribologlcal system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of 
the tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

a first lubricating film coupled to the expansion surface; 
a second lubricating film coupled to an interior surface of the tubular member, 
and 
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a lubricating material disposed within an annulus defined between the 

expansion surface of the expansion device and the interior surface of the 
tubular member. 

76. The system of claim 75, wherein a resistance to abrasion of the first 
lubricating film is greater than a resistance to abrasion of the second lubricating film. 

77. The system of claim 75, wherein the R a for the expansion surface is less than 
or equal to 60.205 nm. 

78. The system of claim 75, wherein the for the expansion surface is less than 
or equal to 1.99 nm. 

79. The system of claim 75, wherein the Ra for the expansion surface is about 
60.205 nm. 

80. The system of claim 75, wherein the R z for the expansion surface is about 
1.99 nm. 

81 . The system of claim 75, wherein the R^ for the expansion surface is less than 
or equal to 277.930 nm. 

82. The system of claim 75, wherein the R 2 for the expansion surface is less than 
or equal to 3.13 nm. 

83. The system of claim 75, wherein the Ra for the expansion surface is less than 
or equal to 277.930 nm and greater than or equal to 60.205 nm. 

84. The system of claim 75, wherein the R 2 for the expansion surface is less than 
or equal to 3.1 3 nm and greater than or equal to 1.99 nm. 

85. The system of claim 75, wherein the expansion surface comprises a plateau- 
like surface that defines one or more relatively deep recesses. 

86. The system of claim 75. wherein the first lubricating film comprises chromium 
nitride. 

87. The system of claim 75, wherein the second lubricating film comprises PTFE. 

88. The system of daim 75, wherein the expansion surface comprises DC53 tool 
steel. 

89. The system of claim 75, wherein the coefficient of friction for the interface is 
less than or equal to 0.125. 

90. The system of claim 75, wherein the coefficient of friction for the interface is 
less than 0.125. 

91 . The system of claim 75, wherein the coefficient of friction for the Interface is 
less than or equal to 0.125 and greater than or equal to 0.06. 
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92. The system of claim 75, wherein the coefficient of friction for the interface is 
less than or equal to 0.06. 

93. The system of claim 75, wherein the expansion surface comprises a polished 
surface. 

94. The system of claim 75, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than or equal to 45% of the total forces required to radially expand and plastically 
deform the tubular member. 

95. The system of claim 75, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than 45% of the total forces required to radially expand and plastically deform the 
tubular member 

96. The system of claim 75, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than or equal to 45% and greater than or equal to 8% of the total forces required to 
radially expand and plastically deform the tubular member. 

97. The system of claim 75, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than or equal to 8% of the total forces required to radially expand and plastically 
deform the tubular member. 

98. The system of claim 75, wherein the bearing ratio of the expansion surface 
varies less than about 1 5%. 

99. The system of dalm 75, wherein the bearing ratio of the expansion surface of 
the expansion device is greater than 75% on 60% of the R z surface roughness. 

100. A method of lubricating an interface between an expansion surface of an 
expansion device and a tubular member during a radial expansion and plastic 
deformation of the tubular member, comprising: 

texturing the expansion surface; 

coupling a first lubricating film coupled to the expansion surface; 
coupling a second lubricating film to an interior surface of the tubular member; 
and 

disposing a lubricating material within an annulus defined between the 

expansion surface of the expansion device and the interior surface of the 
tubular member. 
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101 . The method of claim 100, wherein a resistance to abrasion of the first 
lubricating film is greater than a resistance to abrasion of the second lubricating film. 

102. The method of claim 100, wherein the R a for the expansion surface is less 
than or equal to 60.205 nm. 

103. The method of claim 100, wherein the R 2 for the expansion surface is less 
than or equal to 1 .99 nm. 

1 04. The method of claim 1 00, wherein the R a for the expansion surface is about 
60.205 nm. 

105. The method of claim 100, wherein the R 2 for the expansion surface is about 
1.99 nm. 

106. The method of claim 100, wherein the R a for the expansion surface is less 
than or equal to 277.930 nm. 

107. The method of claim 100, wherein the Rz for the expansion surface is less 
than or equal to 3.13 nm. 

108. The method of claim 1 00, wherein the R a for the expansion surface is less 
than or equal to 277.930 nm and greater than or equal to 60.205 nm. 

109. The method of claim 100, wherein the R z for the expansion surface is less 
than or equal to 3.13 nm and greater than or equal to 1 .99 nm. 

110. The method of claim 100, wherein the expansion surface comprises a 
plateau-like surface that defines one or more relatively deep recesses. 

111. The method of claim 100, wherein the first lubricating film comprises 
chromium nitride. 

112. The method of claim 100, wherein the second lubricating film comprises 
PTFE. 

113. The method of claim 1 00, wherein the expansion surface comprises DC53 
tool steel. 

1 14. The method of claim 1 00, wherein the coefficient of friction for the interface is 
less than or equal to 0.125. 

115. The method of claim 100, wherein the coefficient of friction for the Interface is 
less than or equal to 0.125 and greater than or equal to 0.06. 

1 16. The method of claim 100, wherein the coefficient of friction for the interface is 
less than 0.125 and greater than or equal to 0.06. 

1 17. The method of claim 100, wherein the coefficient of friction for the Interface is 
less or equal to 0.06. 
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118. The method of claim 1 00, further comprising polishing the expansion surface. 

119. The method of claim 1 00, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than or equal to 45% of the total forces required to radially expand and plastically 
deform the tubular member. 

1 20. The method of claim 1 00, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than 45% of the total forces required to radially expand and plastically deform the 
tubular member. 

121. The method of claim 1 00, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than or equal to 45% and greater than or equal to 8% of the total forces required to 
radially expand and plastically deform the tubular member. 

1 22. The method of claim 1 00, wherein the forces required to overcome friction 
during the radial expansion and plastic deformation of the tubular member are less 
than or equal to 8% of the total forces required to radially expand and plastically 
deform the tubular member. 

123. The method of claim 100, wherein the bearing ratio of the expansion surface 
varies less than about 15%. 

1 24. The method of claim 1 00, wherein the bearing ratio of the expansion surface 
of the expansion device is greater than 75% on 60% of the R z surface roughness. 

1 25. A system for radially expanding and plastically deforming a tubular member, 
wherein the amount of energy required to overcome frictional forces during the radial 
expansion and plastic deformation of the tubular member Is less than or equal to 
45% of the total amount of energy required to radially expand and plastically deform 
the tubular member. 

1 26. A system for radially expanding and plastically deforming a tubular member 
comprising an expansion device, wherein the coefficient of friction between the 
expansion device and the tubular member during the radial expansion and plastic 
deformation of the tubular member is less than or equal to 0.125. 

1 27. A system for radially expanding and plastically deforming a tubular member, 
wherein the amount of energy required to overcome frictional forces during the radial 
expansion and plastic deformation of the tubular member is less than or equal to 
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45% and greater than or equal to 8% of the total amount of energy required to 
radially expand and plastically deform the tubular member. 

1 28. A system for radially expanding and plastically deforming a tubular member 
comprising an expansion device, wherein the coefficient of friction between the 
expansion device and the tubular member during the radial expansion and plastic 
deformation of the tubular member is less than or equal to 0.06. 

1 29. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

a first lubricating film coupled to the expansion surface; and 
a second lubricating film coupled to an interior surface of the tubular member, 
wherein a resistance to abrasion of the first lubricating film is greater than a 
resistance to abrasion of the second lubricating film. 

1 30. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising; 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the R a for the expansion surface is less than or equal to 60.205 nm. 

131. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the R* for the expansion surface is less than or equal to 1 .99 nm. 

1 32. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the Ra for the expansion surface is about 60.205 nm. 
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133. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radia! expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the R 2 for the expansion surface is about 1.99 nm. 

134. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the R a for the expansion surface is less than or equal to 277.930 nm. 

1 35. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the R 2 for the expansion surface is less than or equal to 3.13 nm. 

1 36. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the Ra for the expansion surface is less than or equal to 277.930 nm 
and greater than or equal to 60.205 nm. 

1 37. A tribological system for lubricating an Interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the R z for the expansion surface is less than or equal to 3.13 nm and 
greater than or equal to 1 .99 nm. 
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1 38. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
• texture; 

wherein the expansion surface comprises a plateau-like surface that defines 
one or more relatively deep recesses. 

139. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; and 

a lubricating film coupled to the expansion surface; 
wherein the first lubricating film comprises chromium nitride. 

140. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; and 

a lubricating film coupled to an interior surface of the tubular member, 
wherein the lubricating film comprises PTFE. 

141 . A tribological system for lubricating an Interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device defining a surface 
texture; 

wherein the expansion surface comprises DC53 tool steel. 

142. A tribological system for lubricating an Interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion devioe; 
wherein the coefficient of friction for the interface is less than or equal to 
0.125. 
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143. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 

wherein the coefficient of friction for the interface is less than 0.125. 

144. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 
wherein the coefficient of friction for the interface is less than or equal to 0.125 
and greater than or equal to 0.06. 

145. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 

wherein the coefficient of friction for the interface is less than or equal to 0.06. 

146. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 
wherein the expansion surface comprises a polished surface. 

147. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansbn device; 

wherein the forces required to overcome friction during the radial expansion 
and plastic deformation of the tubular member are less than or equal to 
45% of the total forces required to radially expand and plastically 
deform the tubular member. 

148. A tribological system for lubricating an interface between an expansbn device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 
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wherein the forces required to overcome friction during the radial expansion 
and plastic deformation of the tubular member are less than 45% of the 
total forces required to radially expand and plastically deform the 
tubular member. 

149. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 

wherein the forces required to overcome friction during the radial expansion 
and plastic deformation of the tubular member are less than or equal to 
45% and greater than or equal to 8% of the total forces required to 
radially expand and plastically deform the tubular member. 

150. A tribological system for lubricating an Interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 

wherein the forces required to overcome friction during the radial expansion 
and plastic deformation of the tubular member are less than or equal to 
8% of the total forces required to radially expand and plastically deform 
the tubular member. 

151. A tribological system for lubricating an Interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 
wherein the bearing ratio of the expansion surface varies less than about 
15%. 

1 52. A tribological system for lubricating an interface between an expansion device 
and a tubular member during a radial expansion and plastic deformation of the 
tubular member, comprising: 

an expansion surface coupled to the expansion device; 
wherein the bearing ratio of the expansion surface of the expansion device is 
greater than 75% on 60% of the surface roughness. 
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1 53. An expansion cone for radially expanding multiple tubular members 
comprising: 

a body having an annular outer peripheral surface; 

at least a portion of the surface being textured with friction reducing reliefs 

recessed into the surface; 
wherein the surface is a pitted and sprayed surface. 

1 54. An expansion cone for radially expanding multiple tubular members 
comprising: 

a body having an annular outer peripheral surface; 

at least a portion of the surface being textured with friction reducing reliefs 

recessed into the surface; 
wherein the surface Is a pitted and sprayed surface; and 
wherein the body Includes the pitted surface formed of a first material, the 

pitted surface being sprayed with a second friction reducing material 

and the sprayed surface being partially removed sufficient to expose 

some of the first and second materials. 



155. A method for radially expanding a tubular member comprising: 
providing a tubular member having an inside diameter; 
providing an expansion cone having an annular outer peripheral 

surface including a diameter greater than the inside diameter of the tubular 

member, 

texturing the outer peripheral surface with friction reducing reliefs 
recessed into the surface; and 

moving the expansion cone axially through the tubular member for 
radially expanding and plastically deforming the tubular member, 
wherein the surface is a pitted and sprayed surface. 



1 56. A method for radially expanding a tubular member comprising: 
providing a tubular member having an Inside diameter, 
providing an expansion cone having an annular outer peripheral 

surface Including a diameter greater than the inside diameter of the tubular 

member, 
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texturing the outer peripheral surface with friction reducing reliefs 
recessed into the surface; and 

moving the expansion cone axially through the tubular member for 
radially expanding and plastically deforming the tubular member; 

pitting the outer peripheral surface; 

spraying the surface; and 

grinding the surface to expose both an original portion of the surface 
and a sprayed portion of the surface. 

1 57. A reduced friction radial expansion apparatus comprising: 

a plurality of tubular members having an axial passage formed 
therethrough including an inside diameter, 

an expansion oone having an annular outer peripheral surface 
including an outside diameter greater than the inside diameter of the axial 
passage; and 

at least a portion of the outer peripheral surface being textured with 
friction reducing reliefs recessed into the surface; 
wherein the surface is a pitted and sprayed surface. 

1 58. A reduced friction radial expansion apparatus comprising: 

a plurality of tubular members having an axial passage formed 
therethrough including an inside diameter, 

an expansion cone having an annular outer peripheral surface 
including an outside diameter greater than the inside diameter of the axial 
passage; and 

at least a portion of the outer peripheral surface being textured with 
friction reducing reliefs recessed into the surface; 

wherein the cone Includes a pitted surface formed of a first material, the pitted 
surface being sprayed with a second friction reducing material and the 
sprayed surface being partially removed sufficient to expose some of 
the first and second materials. 

1 59. An apparatus for radially expanding and plastically deforming a tubular 
member, comprising: 
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a support member; 

an expansion device coupled to an end of the support member comprising 
one or more expansion surfaces for engaging the tubular member 
during the radial expansion and plastic deformation of the tubular 
member; and 

a lubrication system for lubricating an interface between one or more of the 
expansion surfaces of the expansion device and one or more interior 
surfaces of the tubular member; 

wherein one or more of the expansion surfaces of the expansion device 
define one or more recesses; and wherein the apparatus further 
comprises one or more lubricating ball bearings supported within at 
least one of the recesses. 

1 60. An apparatus for radially expanding and plastically deforming a tubular 
member, comprising: 

a support member, 

an expansion device coupled to an end of the support member comprising 
one or more expansion surfaces for engaging the tubular member 
during the radial expansion and plastic deformation of the tubular 
member, and 

a lubrication system for lubricating an interface between one or more of the 

expansion surfaces of the expansion device and one or more interior 

surfaces of the tubular member 
wherein a lubrication concentration provided by the lubrication system is 

varied as a function of a rate of strain of the tubular member during an 

operation of the apparatus. 

161 . An apparatus for radially expanding and plastically deforming a tubular 
member, comprising: 

a support member; 

an expansion device coupled to an end of the support member comprising 
one or more expansion surfaces for engaging the tubular member 
during the radial expansion and plastic deformation of the tubular 
member; and 
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a lubrication system for lubricating an interface between one or more of the 

expansion surfaces of the expansion device and one or more interior 

surfaces of the tubular member, 
wherein a lubrication concentration provided by the lubrication system is 

varied as a function of a rate of strain of the tubular member during an 

operation of the apparatus; and 
wherein the function comprises one or more of the following: a linear function, 

a non-linear function, or a step function. 

1 62. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; and 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member, 

wherein one or more of the expansion surfaces define one or more recesses; 
and wherein the method further comprises injecting the supply of 
lubricant into one or more of the recesses. 

1 63. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more Interior surfaces of the tubular 
member, and 

coupling a lubricating film to one or more of the expansion surfaces. 

1 64. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; 
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lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member; and 

coupling a lubricating film to one or more of the expansion surfaces; 
wherein one or more of the expansion surfaces define one or more recesses; 
and 

wherein at least a portion of the lubricating film is coupled to one or more of 
the recesses. 

1 65. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; and 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member; 

wherein one or more of the expansion surfaces of the expansion device 
define one or more recesses. 

1 66. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; and 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member, 

wherein one or more of the expansion surfaces of the expansion device 
define one or more recesses; and 

wherein at least some of the recesses are identical to one another, at least 
some of the recesses are equally spaced from one another, a depth 
dimension of the recesses are non-uniform, at least some of the 
recesses intersect, the location of at least some of the recesses is 
randomly distributed, the geometry of at least some of the recesses is 
randomly distributed, a surface texture of at least some of the recesses 
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is randomly distributed, the geometry of at least some of the recesses 
is linear, the geometry of at least some of the recesses is non-linear, or 
the interface comprises a leading edge portion and a trailing edge 
portion. 

167. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member; and 

providing a higher lubrication concentration in at least one of the leading and 
trailing edge portions. 

1 68. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; and 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member; 

wherein one or more of the expansion surfaces of the expansion device 
define one or more recesses; and wherein the method further 
comprises forming one or more lubricating ball bearings within at least 
one of the recesses. 

1 69. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member; and 
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varying a lubrication concentration as a function of a rate of strain of the 

tubular member during the radial expansion and plastic deformation of 
the tubular member. 

1 70. A method for radially expanding and plastically deforming a tubular member, 
comprising: 

radially expanding and plastically deforming the tubular member using an 
expansion device comprising one or more expansion surfaces; 

lubricating an interface between one or more of the expansion surfaces of the 
expansion device and one or more interior surfaces of the tubular 
member, and 

varying a lubrication concentration as a function of a rate of strain of the 

tubular member during the radial expansion and plastic deformation of 
the tubular member, 

wherein the function comprises at least one of a linear function, a non-linear 
function, or a step function. 
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